etween January 1987 and December 1988 there were 7575 births in the Swansea maternity unit. Of these 823 (10.9%) were considered to be at 'high risk' for developmental dysplasia of the hip (DDH). Static ultrasound examination was performed in each case and the results classified on the basis of the method of Graf. A total of 117 type III-IV hips in 83 infants was splinted using the Aberdeen splint.
Radiographs of these hips were taken at six and 12 months. Hilgenreiner's measurements of the acetabular angle were made in all cases and the development of the femoral capital epiphysis was assessed by measuring the epiphyseal area. The effect of splintage on the acetabular angle and the epiphyseal area between the normal and abnormal splinted hips was compared. Radiographs of 16 normal infants (32 normal unsplinted hips) were used as a control group. This cohort has now been followed up for a minimum of nine years. There have been no complications as a result of splintage. The failure rate was 1.7% or 0.25 per 1000 live births. No statistical difference was found when comparing the effect of splintage on the acetabular angle and epiphyseal area between normal and abnormal splinted hips and normal unsplinted hips.
Our study has shown that while the Aberdeen splint had a definite but small failure rate, it was safe in that it did not produce avascular necrosis. 14 December 1998 There are two approaches to the dilemma of abduction splintage in the management of neonatal developmental dysplasia of the hip (DDH). The rate of splintage can be kept to a minimum, but this carries the burden of skilled follow-up and a risk of 'observing' hips which subsequently are found to have deteriorated. If the splint chosen can be shown to be harmless all infants who are considered to be even mildly at risk for DDH can be splinted.
Spontaneous avascular necrosis (AVN) is said not to occur in the dysplastic hip and must be considered as iatrogenic secondary to splintage. 1 In two large series reporting the use of the Aberdeen splint ( Fig. 1 ) a significant rate of AVN was not observed, 2,3 but the radiographs were not critically assessed in either study. Critics of this form of splintage continue to maintain that it has an unacceptable rate of failure in the treatment of DDH. The Aberdeen splint is designed to prevent adduction by maintaining the hips in a position of gentle abduction while allowing a degree of freedom of flexion and extension. 2 It is currently used in 21% of centres in the UK and continues to be employed worldwide. We present a clinical and radiological analysis of our experience of this method.
Patients and Methods
Between January 1987 and December 1988 there were 7575 births in the Swansea maternity unit. Of these 823 (10.9%) were considered to be at 'high risk' for DDH according to the criteria of Jones and Powell. 4 Clinical assessment of all the infants was performed by the senior author (DAJ) and static ultrasonography by the same consultant radiologist. The results were classified according to the method of Graf. 5 Figure 2 illustrates the protocol for the management of DDH for this cohort.
All infants with at least one hip graded as type III or type IV were splinted using the Aberdeen splint. In addition, three who were classified as normal by static ultrasonography were splinted on the basis of clinical suspicion alone. All infants with type-II hips were observed in double nappies for four weeks and then reassessed by ultrasonography. We excluded dysplastic hips with a teratological and neuromuscular aetiology.
Splintage was applied under supervision by trained senior paediatric physiotherapists in a dedicated specialist clinic. Here the parents were instructed and the infants reassessed at two-week intervals to determine the correct application of the splint and to monitor compliance. Parents were welcome to attend the clinic at any time for help and advice. Splintage was continued for a minimum of 12 weeks in all type-III and type-IV infants. Ultrasonography and clinical and radiological assessment were used to monitor progress and to determine whether further treatment other than splintage was necessary.
At six months a radiograph with the child supine and the legs together was taken in all infants and at 12 months a standing anteroposterior view of those who had been splinted was obtained.
Hilgenreiner's measurements of the acetabular angle were made in all cases. 6 The development of the capital epiphysis was assessed by measuring the epiphyseal height and its widest diameter with a micrometer and then calculating the epiphyseal area. A rectangle drawn around the calcified portion aided these measurements (Fig. 3 ). Statistical analysis (SPSS PC Plus package using a 95% confidence interval; SPSS Inc, Chicago, Illinois) was performed to compare the effect of splintage on the acetabular angle and the epiphyseal area between the normal and abnormal splinted hips and 32 normal unsplinted controls. Graf type-II hips were excluded from this analysis since they were not considered to be completely 'normal' or 'abnormal'. Radiographs were assessed critically for evidence of AVN according to the criteria of Salter, Kostuik and Dallas. 7 All the children were followed through the dedicated specialist clinic and have either been discharged or continue to be monitored according to their development and progress. The minimum follow-up of this group is now for nine years. 
Results
Of the 823 infants examined, 173 had an ultrasonic abnormality of at least one hip, i.e. Graf type II or above. The distribution of these abnormalities is shown in Table I . None of the type-II hips was splinted and all reverted to type I on subsequent ultrasonography after observation in double nappies for four weeks. All type III-IV hips were splinted with the Aberdeen splint. There were 117 of these in 83 infants. Three type-I hips were splinted on the basis of clinical suspicion alone. Thus, a total of 86 infants was splinted, equivalent to a rate of 11.3 per 1000 live births or 1.1% of the total. There were two cases in which the capital femoral epiphysis did not appear by 12 months. According to the criteria of Salter et al 7 these would be considered as cases of AVN. In both these children, the hips have subsequently developed normally, both clinically and radiologically, with no evidence of vascular insult or dysplasia. They are described in detail below. Case 1. A male infant had bilateral type-IV hips at birth. He was splinted for three months. Repeat ultrasonography confirmed type-I normal hips bilaterally and splintage was discontinued. Radiography at 28 weeks showed the absence of the upper femoral epiphysis on both sides. At 51 weeks, the right epiphysis had appeared but the left had not. At 18 Algorithm giving the protocol for the management of DDH in Swansea. Fig. 3 Method of measuring the area of the femoral capital epiphysis. months normal growth and acetabular development were seen. A clinical and radiological review at ten years of age confirmed that development had progressed normally with equal leg lengths and no evidence of AVN or dysplasia. Case 2. A male infant was born with bilateral type-III hips. He was splinted for 12 weeks. Repeat ultrasonography confirmed reversion to type-I hips bilaterally and splintage was discontinued. Radiography at 26 and 52 weeks showed absence of a calcified proximal femoral epiphysis on both sides. At 74 weeks both had appeared and at two years the child was considered to be clinically and radiologically normal. Clinical and radiological review at nine years of age confirmed that development had progressed normally with equal leg lengths and no evidence of AVN or dysplasia. Two infants required further treatment despite splintage. This represents a failure of splintage of 1.7% for those splinted and 0.25 per 1000 live births. Details are given below. Case 3. A female infant with bilateral type-IV hips was splinted for four months. The left hip reverted to normal but the right remained type IV with an acetabular angle of 30°. Arthrography and an adductor tenotomy were performed. The hip was maintained in a congruous position in the safe zone of Ramsey, Lasser and MacEwen 8 using a hip spica for three months, followed by a Batchelor plaster for a further three months. Radiographs at one year were considered satisfactory. Follow-up at the age of six and ten years confirmed that development had progressed normally with no evidence of AVN or dysplasia. Case 4. A female infant with a type-I hip on the right and a type-III hip on the left was splinted for three months. The left hip failed to revert to normal. A Batchelor plaster was applied for five months with the hip maintained in a congruous position in the safe zone. 8 In the left hip dysplasia persisted and at the age of five years a rotational varus proximal femoral osteotomy was performed. Follow-up continues. Tables II and III show the variation in the mean acetabular angle and the mean epiphyseal area at six and 12 months for the splinted normal hips (group A1 at six months; group A2 at 12 months), the splinted abnormal hips (group B1 at six months; group B2 at 12 months) and the control group of normal unsplinted infants (group C1 at six months; group C2 at 12 months). The tables include a comparison between the means by an index score, setting the A1 figure to be 100, and also the coefficient of variability (SD as a percentage of the mean).
Statistical analysis comparing the calculated z-ratios for differences between the mean acetabular area and the mean epiphyseal areas of the different groups at six and 12 months showed no significant difference at a p value of 0.05.
Discussion
Tables II and III indicate a trend suggesting that splinting with the Aberdeen splint aids the development of a low acetabular angle and slightly retards the area of calcification in the ossific nucleus. This is less marked at one year than at six months but is not statistically significant at a p value of 0.05 at either stage when comparing the different groups. Of the 117 type III-IV hips splinted only two required further intervention. The remainder have progressed satisfactorily at a minimum follow-up of nine years. This includes the two patients who would be regarded as cases of AVN according to the classification of Salter et al. 7 Clinically and radiologically, both have developed normally and in our opinion cannot be considered to have suffered complications from the use of the Aberdeen splint. Many methods of splintage are used in the management of DDH. It is very difficult to draw firm conclusions when comparing different forms since they are not applied in a uniformly selected and monitored manner. The series quoted in Table IV differ greatly in a number of fundamental issues such as sample size, methods of presentation, the classification of DDH with regard to ultrasound and/or radiography, subsequent management protocols, the degree of supervision once splintage has been instituted, the length of follow-up and, most importantly, the methods by which rates of failure and AVN are determined. For example, Sochart and Paton 9 stated that their rate of AVN was zero when using the Pavlik-Wheaton harness but do not quote their criteria for the definition of AVN. Few authors express their results as a baseline figure 'per 1000 live births'. The major classification systems of AVN are those of Salter et al, 7 Kalamchi and MacEwen, 10 Bucholz and Ogden 11 and Tönnis. 12 We used the Salter classification since it was considered appropriate for the age group studied. Standard measurements of the acetabular angle for reference are derived from a different population. 12 Our comparison of the acetabular angle and epiphyseal area in splinted normal, splinted abnormal, and unsplinted normal hips, is unique and adds substantial support to the efficacy and safety of the Aberdeen splint in the treatment of DDH.
In 1980 Kalamchi and MacEwen 10 showed that hips in their group II classification may develop late changes indicating lateral physeal damage. Patients in this group may be asymptomatic during adolescence, although they may have a small leg-length discrepancy. They stated that such patients developed a valgus deformity of the head on the neck by the age of nine or ten years. The lateral physeal damage produces a tethering effect and arrest of growth, with shortening of the total length of the femoral neck and possible underdevelopment of the acetabulum. None of these changes was identified in our series, but we accept that our cohort has not been followed to maturity and that there is still a risk of late development of AVN. Early referral and screening of 'at-risk' infants are thought by many to be essential. Screening for DDH should identify all hips which may subsequently develop abnormally, although it is impossible to predict those which are going to self-correct. 13 Late presentation and splintage have been shown conclusively to lead to higher rates of AVN and subsequent surgery for this complication and dysplasia. 1, 3, 7, [14] [15] [16] [17] [18] [19] [20] Late surgery for AVN generally has poor results. Salvage procedures, such as total hip arthroplasty at a young age, are often required. 10, 11, [21] [22] [23] The Aberdeen splint is a gentle and non-traumatic method of dynamic abduction splintage. It is cheap, easy to maintain and the application is straightforward. The importance of continued professional supervision and support in a specialist clinic cannot be overemphasised. Although not formally assessed in our series we believe that parental compliance has been excellent. Complications have been minimal. The failure rate of splintage compares favourably with the published results for alternative methods of splintage (Table IV) . 
